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Title of the Invention 

RIBBONED POLARIZATION-MAINTAINING FIBER AND MANUFACTURING 
METHOD THEREFOR, AND POLARIZATION-MAINTAINING OPTICAL FIBER 
ARRAY USING THE SAME 

5 Background of the Invention and Related Art Statement 

[0001] 

The present invention relates to a ribboned 
polarization-maintaining fiber and a manufacturing method 
therefor, and a polarization-maintaining optical fiber array 
10 using the ribboned polarization-maintaining fiber. 
Description of the related art 
[0002] 

In recent years, with the increase in the density of 
optical fiber, the number of fibers in a planar lightwave 

15 circuit (PLC) has increased. Along with the use of multiple 
fibers, development has been carried on with the aim of 
shortening the conventional standard waveguide pitch (250 
Urn is decreased to, for example, 127 urn, about a half) in 
order to further increase the density while avoiding a larger 

20 size of waveguide element. Along with the increased optical 
fiber density and shortened waveguide pitch, development has 
been carried on with the aim of decreasing a pitch between 
fibers in a fiber array connected to an optical fiber. 



[0003] 

Also, in the case where an optical waveguide is dependent 
on polarization or in the case where a special AWG is used 
to prevent four-wave mixing in WDM communications, a 
polarization-maintaining fiber is used so that single 
polarized wave is introduced in the waveguide. 

At this time, for the polarized wave introduced in the 
waveguide, the necessary direction of polarized wave has been 
determined, so that it is necessary to adjust the end face 
of polarization-maintaining fiber in the polarization- 
maintaining optical fiber array to this direction of 
polarized wave. 
[0004] 

However, if an attempt is made to apply the fiber array 
now being used to a polarization-maintaining fiber in the 
same way, the problems described below arise. 

For example, when an optical fiber array with a standard 
250 \m pitch is manufactured by using coated 
polarization-maintaining fibers, as shown in Fig. 8, it is 
indispensable to arrange a plurality of polarization- 
maintaining fibers with an exact pitch width while the end 
face of polarization-maintaining fiber is rotationally 
adjusted so as to have a predetermined plane of polarization. 
[0005] 

However, if the pitch between the polarization- 
maintaining fibers is shortened, the coatings of 
polarization-maintaining fibers come into contact with each 



other. Therefore, if some polarization-maintaining fiber 
is rotationally adjusted, the adjacent other 
polarization-maintaining fibers are interferingly rotated, 
so that fine adjustment must be made again. 

For this reason, all of the polarization-maintaining 
fibers in the fiber array with multiple fibers must be 
adjusted by repeating these processes, so that this work 
requires very much time and labor. 
[0006] 

In particular, in the case of AWG, since the number of 
channels is on the order of 40 channels, it is very difficult 
to rotationally adjust all of forty fibers to a predetermined 
direction, and such adjustment has never been made with 
success industrially. 
[0007] 

To solve the above problems, a method in which 
polarization-maintaining fibers are adjusted and fixed one 
by one when the polarization-maintaining optical fiber array 
is manufactured may possibly be used. However, since the 
polarization-maintaining fibers are aligned at short 
intervals of 250 \m (especially, 127 urn) , it is difficult 
to bond and fix the fibers one by one. 

Also, a method in which a jig is provided on the outside 
of the polarization-maintaining optical fiber array and 
polarization-maintaining fibers having been rotationally 
adjusted in advance is fixed temporarily may possibly be used. 
However, with the increase in the number of fibers, the jig 



must be made more complicated and larger, so that this method 
is difficult to use in the optical fiber array in which fibers 
are aligned at short intervals of 250 \xm (especially, 127 
Hia) . 
[0008] 

On the other hand, for a single mode (SM) fiber, a 
half-pitch array, in which the fiber pitch is shortened to 
about a half of the conventional pitch, has mainly been used 
in recent years. 

This half-pitch fiber array is constructed so that fiber 
ribbons are superposed vertically while being shifted by 127 
pm and fibers in one fiber ribbon come into gaps between fibers 
in the other fiber ribbon as shown in Figs. 9(a), 9(b) and 
9(C) . 

However, the above-described fiber array has a problem 
in that one or both of the upper and lower fibers are bent 
vertically. 

Also, since the above-described fiber array suffers 
greater interference than the fiber array with a 250 pan. pitch 
and the fibers thereof are bent, it is very difficult to 
realize a polarization-maintaining optical fiber array with 
the half pitch. 



Summary of the Invention 
[0009] 

The present invention has been achieved to solve the 
above problems with the prior art, and accordingly an object 
thereof is to provide a ribboned polarization-maintaining 
fiber in which when a polarization-maintaining optical fiber 
array is manufactured, polarization-maintaining fiber need 
not be rotationally adjusted so as to have a predetermined 
plane of polarization, so that not only a polarization- 
maintaining optical fiber array with multiple fibers can be 
manufactured easily but also the work efficiency and yield 
can be improved and a manufacturing method therefor, and a 
polarization-maintaining optical fiber array using the 
ribboned fiber. 
[0010] 

According to the first aspect of the present invention, 
there is provided a ribboned polarization-maintaining fiber 
comprising a plurality of polarization-maintaining fibers, 

wherein a ribbon portion having a length of 2 to 300 
mm is formed in at least some of polarization-maintaining 
fibers . 

It is preferable that the ribbon portion is made of a 
portion formed by fixing and coating said polarization- 
maintaining fibers with an adhesive, and aligning end faces 
of said polarization-maintaining fibers which are used at 



least as a signal so as to become a predetermined plane of 
polarization. 

Moreover, the ribbon portion is provided with a 
positioning means . And said positioning means may be formed 
as a series of convex and concave shapes. 

Furthermore, said convex and concave shapes may be 
disposed at a regular pitch or discontinuously; and said 
convex and concave shapes may be formed as a saw tooth shape 
or a curved wavy shape. 
[0011] 

According to the second aspect of the present invention, 
there is provided a manufacturing method for a ribboned 
polarization-maintaining fiber, which comprises steps of 

aligning a plurality of polarization-maintaining 
fibers with a precise pitch width while adjusting 
rotationally end faces of polarization-maintaining fibers 
so as to form a predetermined plane of polarization, and 
fixing and coating a part of thus aligned polarization- 
maintaining fibers with an adhesive so as to form a ribbon 
portion. 
[0012] 

Also, according to the third aspect of the present 
invention, there is provided a manufacturing method for a 
ribboned polarization-maintaining fiber, which comprises 
steps of 

preparing a ribbon-making jig consisting of an upper 
mold and a lower mold both of which have a ribbon-making groove 



for making a ribbon of a plurality of polarization- 
maintaining fibers, . 

aligning a plurality of polarization-maintaining fibers 
in a V-groove portion provided at both ends of the 
ribbon-making groove of said lower mold while adjusting 
rotationally end faces of the polarization-maintaining 
fibers so as to form a predetermined plane of polarization, 

thereafter pouring an adhesive into a frame formed by 
the ribbon-making grooves of said upper and lower molds and 
curing thus poured adhesive to form a ribbon portion on some 
of polarization-maintaining fibers, and 

subsequently removing said upper and lower molds to 
obtain a ribboned polarization-maintaining fiber. 
[0013] 

Further, according to the fourth aspect of the present 
invention, there is provided a manufacturing method for a 
ribboned polarization-maintaining fiber, which comprises 
steps of 

preparing a ribbon-making j ig consisting of an upper mold, 
and a lower mold having a ribbon-making groove for making 
a ribbon of a plurality of polarization-maintaining fibers 
and a plurality of V-shaped grooves provided at both ends 
of the ribbon-making groove, 

placing a plurality of polarization-maintaining fibers 
in said V-groove portions of said lower mold, 



fixing temporarily thus placed polarization- 
maintaining fibers by placing said upper mold at both ends 
of said lower mold, 

thereafter coating thus aligned fibers with an adhesive 
by adding an adhesive onto said ribbon-making groove of said 
lower mold, 

aligning said polarization-maintaining fibers while 
rotationally adjusting end faces of them so as to form a 
predetermined plane of polarization, 

curing thus applied adhesive to form a ribbon portion 
on some of polarization-maintaining fibers, and 

subsequently removing said upper molds and said lower 
mold to obtain a ribboned polarization-maintaining fiber. 
[0014] 

Further, in the present invention, it is preferable to 
coat a portion in which said polarization-maintaining fibers 
come into contact with each other with an adhesive during 
the step of rotationally adjusting the end faces of said 
polarization-maintaining fibers. 

Also, it is preferable to use an adhesive having a 
viscosity of 10000 cP or lower, and preferably said adhesive 
may be a urethane acrylate resin. 
[0015] 

Also, according to the fifth aspect of the present 
invention, there is provided a ribbon-making jig, 
comprising: 



a lower mold having a ribbon-making groove for fixing 
and coating polarization-maintaining fibers aligned 
previously by and/or with an adhesive, and V-groove portions 
provided at both ends of said ribbon-making groove to align 
said polarization-maintaining fibers; and 

an upper mold having a ribbon-making groove provided 
symmetrically with the ribbon-making groove in said lower 
mold, and an adhesive in-flow portion for supplying an 
adhesive into said ribbon-making groove; said portion being 
formed in a central portion of said ribbon-making groove. 
[0016] 

Further, according to the sixth aspect of the present 
invention, there is provided a polarization-maintaining 
optical fiber array made of a ribboned polarization- 
maintaining fiber according to any one of the aforementioned 
ribboned polarization-maintaining fiber. 

Brief Description of the Drawings 

Fig. 1(a) is a left-hand side view, Fig. 1(b) is a front 
view, Fig. 1(c) is detailed view 1 of Fig. 1(a), and Fig. 
1 (d) is detailed view 2 of Fig. 1 (a) , showing an example of 
a ribboned polarization-maintaining fiber in accordance with 
the present invention. 

Fig. 2 is an explanatory view showing an example of a 
manufacturing method for the ribboned polarization- 
maintaining fiber shown in Fig. 1. 
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Fig. 3 (a) is a left-hand side view, Fig. 3 (b) is a front 
view, and Fig. 3(c) is a sectional view taken along a line 
A-A of Fig. 3 (b) , showing an example of a lower mold of a 
ribbon-making jig used in the present invention. 

Figs. 4(a) and 4(b) are a front view and a sectional 
view taken along the line A-A of Fig. 4(a), respectively, 
showing an example of an upper mold of a ribbon-making jig 
used in the present invention. 

Fig. 5(a) is a left-hand side view, Fig. 5(b) is a front 
view, Fig. 5(c) is detailed view 1 of Fig. 5(a), and Fig. 
5 (d) is detailed view 2 of Fig. 5 (a) , showing another example 
of a ribboned polarization-maintaining fiber in accordance 
with the present invention. 

Fig. 6(a) is an explanatory view showing a positional 
relationship for engaging a series of convex and concave 
shapes of ribbon fibers when the ribboned polarization- 
maintaining fibers are lapped on each other, and Fig. 6(b) 
is an explanatory view showing a state in which the ribboned 
polarization-maintaining fibers are lapped on each other, 
both figures showing an example of application of the 
ribboned polarization-maintaining fiber shown in Figs. 5 (a) 
to (c). 

Fig. 7 (a) to Fig. 7 (i) are an explanatory view showing 
an exemplified flow of major steps of a manufacturing method 
for the ribboned polarization-maintaining fiber shown in 
Figs . 5 (a) to (c) . 



Fig. 8 is an explanatory view showing a state in which 
polarization-maintaining fibers are aligned in a V-groove 
portion. 

Fig. 9(a) is a left-hand side view, Fig. 9(b) is a front 
view, and Fig. 9(c) is a right-hand side view, showing an 
example of a half-pitch fiber array. 

Detailed Description of Preferred Embodiment 

[0017] 

A ribboned polarization-maintaining fiber in 
accordance with the present invention is formed of a 
plurality of polarization-maintaining fibers, and a ribbon 
portion having a length of 2 to 300 mm is formed in some of 
them. 

Therefore, when a polarization-maintaining optical 
fiber array is manufactured from the present ribboned 
polarization-maintaining fiber, there is no need for 
rotationally adjusting fibers so as to have a predetermined 
plane of polarization, so that not only a polarization- 
maintaining optical fiber array with multiple fibers can be 
manufactured easily but also the work efficiency and yield 

can be improved. 

[0018] 

Also, a manufacturing method for the above-described 
ribboned polarization-maintaining fiber is to align a 
plurality of polarization-maintaining fibers with a precise 
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pitch width while the end face of polarization-maintaining 
fiber is rotationally adjusted so as to have the 
predetermined plane of polarization, and to fix and coat a 
part thereof by and with an adhesive, thereby forming a ribbon 
portion. 

Thus, the ribboned polarization-maintained fiber can 
be manufactured surely and easily. 
[0019] 

More particularly, the ribboned polarization- 
maintained fiber in accordance with the present invention 
can be handled in the same manner as in the case of the ordinary 
optical fiber ribbon. However, the rotational adjustment of 
the plane of the optical fibers is not required to form a 
predetermined plane of polarization at the time of 
manufacturing a polarization-maintaining optical fiber 
array if the present ribboned polarization-maintained fiber 
is used. 
[0020] 

For example, when a 40-channel polarization- 
maintaining optical fiber array is manufactured, in the 
conventional method, even if only one of forty 
polarization-maintaining fibers fails in the rotational 
adjustment of the plane of polarization, the optical fiber 
array as a whole becomes defective . In the present invention, 
however, the optical fiber array can be manufactured with 
ease merely by combining five sheets of ribboned 
polarization-maintaining fibers each of which consists of 



eight optical fibers so as to form a predetermined plane of 
polarization. Even if there is a failed ribboned 
polarization-maintaining fiber, it is necessary only that 
the failed ribboned polarization-maintaining fiber be 
replaced with another one. Therefore, the possibility of the 
occurrence of defectives can be decreased remarkably. 
[0021] 

Also, in the conventional method, even when the angle 
of the plane of polarization is set precisely at the time 
of rotational adjustment work of polarization-maintaining 
fibers, however, the plane of the polarization-maintaining 
fiber may sometimes be dislocated due to the curing or 
shrinkage of the adhesive. 

In this case, if the incidence is assumed to be 1%, when 
a 4 0-channel fiber array (FA) is manufactured by the 
conventional method, the possibility of the occurrence of 
defectives is 33.1%. 

On the other hand, in the case that the present ribboned 
polarization-maintaining fiber consisting of eight optical 
fibers is used, the possibility of the occurrence of 
defectives at the time of manufacturing can be kept at the 
level of to 7.7%. 

For example, when the ribboned polarization- 
maintaining fiber in accordance with the present invention 
is incorporated into the half-pitch fiber array shown in Figs . 
9(a), 9(b) and 9(c), even if the aforementioned shrinkage 
occurs, such a trouble that a polarization-maintaining fiber 



10 rotates does not occur because the ribboned 
polarization-maintaining fiber is fixed by a ribbon portion 
2. Therefore, the possibility of the occurrence of 
defectives at this stage is approximately 0%. 
[0022] 

Further, in the conventional method, if a failure occurs 
when the work is performed on a V-grooved substrate, which 
is a part for a fiber array, the part for fiber array itself 
including the V-grooved substrate become out of use. 

On the other hand, in the present invention, even if 
any of the ribboned polarization-maintaining fibers fails, 
it is necessary only to replace the failed fiber with a new 
one. Therefore, a loss in the part for fiber array does not 
occur at all. 
[0023] 

Next, the present invention will be described below in 
more detail with reference to the accompanying drawings. 

Fig. 1 (a) is a left-hand side view, Fig. 1 (b) is a front 
view, Fig. 1(c) is detailed view 1 of Fig. 1(a), and Fig. 
1(d) is detailed view 2 of Fig. 1(a), showing an example of 
the ribboned polarization-maintaining fiber in accordance 
with the present invention. 

As shown in Figs. 1(a) and 1(b), a ribboned 
polarization-maintaining fiber 1 in accordance with the 
present invention is disposed in almost the same plane, 
consists of a plurality of (eight in Figs. 1(a) and 1(b)) 
polarization-maintaining fibers 12 (UV coated 



polarization-maintaining fibers) extending longitudinally 
so as-to be adjacent to each other substantially in parallel, 
and partially has the ribbon portion 2 of 2 to 300 mm in length 

(T) . 

[0024] 

For the ribboned polarization-maintaining fiber in 
accordance with the present invention, it is important that 
in the ribbon portion 2, as shown in Fig. 1(c), the 
polarization-maintaining fibers 12 be fixed by and coated 
with an adhesive 3 6, and at least the end faces of the 
polarization-maintaining fibers 12 which is used as a signal 
be aligned so as to have a predetermined plane of 
polarization. 

For the ribboned polarization-maintaining fiber in 
accordance with the present invention, the polarization 
plane of the polarization-maintaining fibers 12 may be 
aligned in any direction inclusive of vertical, horizontal, 
vertical, horizontal direction, or the like, depending upon 
its application, for example, as shown in Fig. 1 (d) . 
[0025] 

Also, as shown in Fig. 1 (b) , the length (T) of the ribbon 
portion 2 need not be longer than is necessary, and it is 
necessary only that a length contained in the fiber array 
be made into a ribbon form at the minimum. 

However, after the ribboned polarization-maintained 
fiber has been manufactured, if the fibers are not fixed 
sufficiently before the fiber array is manufactured, the 



adjusted angle of rotation is in danger of being shifted. 
Also, when the fixing of this portion is deteriorated after 
the fiber array has been manufactured, there is a danger that 
a torsional stress etc. caused when the ribboned 
polarization-maintaining fiber is manufactured is applied 
to the fiber array, thereby decreasing the reliability of 
the fiber array itself. Therefore, the length (T) of the 
ribbon portion 2 should preferably be at least 2 mm. 

Also, considering an excess length for fiber treatment 
such as removal and cutting of fiber coating at the time of 
manufacture of fiber array and rework in the assembly work, 
the length (T) should more preferably be 20 mm or longer. 

When the ribboned polarization-maintaining fiber 1 in 
accordance with the present invention is manufactured, the 
end faces of the polarization-maintaining fibers are 
observed to make rotational adjustment such that the end face 
of the polarization-maintaining fiber has a predetermined 
plane of polarization. In this case, the length in which the 
direction of rotation can be adjusted exactly over the total 
length of the ribbon portion 2 is about 300 mm due to torsion 
of the polarization-maintaining fiber 10 caused by the 
contact of coatings 19 of the polarization-maintaining 
fibers 12 with each other. For this reason, the length (T) 
of the ribbon portion 2 should preferably be 300 mm or shorter. 
[0026] 

The number of fibers in the ribboned polarization- 
maintaining fiber in accordance with the present invention 
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is not subject to any special restriction. However, the 
ribboned polarization-maintaining fiber with five to sixteen 
fibers is easy to manufacture, and can be used suitably when 
the polarization-maintaining optical fiber array with 
multiple fibers is manufactured. 
[0027] 

Next, an example of the manufacturing method for a 
ribboned polarization-maintaining fiber in accordance with 
the present invention will be described with reference to 
Figs. 2 (a) , 2 (b) and 2 (c) . 

First, as shown in Fig. 2 (a) , using a ribbon-making jig 
20 consisting of an upper mold 26 and a lower mold 22 each 
having a ribbon-making groove 24 (see Figs. 3(a), 3(b) and 
3(c), and Figs. 4(a) and 4(b)), a plurality of 
polarization-maintaining fibers 12 are aligned in V-groove 
portions 23 provided at both ends of a ribbon-making groove 
24a in the lower mold 22. 
[0028] 

Next, the end faces of the polarization-maintaining 
fibers 12 are aligned while being rotationally adjusted so 
as to have the predetermined plane of polarization while 
being observed with a CCD camera (not depicted) or the like 
(see Fig. 1(c)). 

At this time, the application of the adhesive 3 6 to a 
portion in which the polarization-maintaining fibers 12 come 
into contact with each other (for example, the 
polarization-maintaining fibers 12 aligned in the 
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ribbon-making groove 24a) is desirable because the 
rotational interference of the polarization-maintaining 
fibers 12 with each other can be made less liable to be brought 
about . 
[0029] 

The reference of the above-describe adjustment is a 
regression reference line determined from the center point 
of each polarization-maintaining fiber. However, if V- 
grooves in the ribbon-making jig are fabricated so as to have 
the same depth etc. with high accuracy, planer portions at 
both sides of the V-groove in the ribbon-making jig can be 
handled as a reference line. 
[0030] 

Further, the upper mold 2 6 is combined with the lower 
mold 22 as shown in Fig. 2 (b) , the adhesive 36 is poured into 
an obtained mold 25 and is cured, and the lower mold 22 and 
the upper mold 2 6 are removed as shown in Fig. 2(c), by which 
the ribboned polarization-maintaining fiber 1 shown in Figs. 
1(a), 1(b), 1(c) and 1(d) can be obtained. 

At this time, the end face of the obtained ribboned 
polarization-maintaining fiber 1 is checked again, and a 
ribboned polarization-maintaining fiber that has not been 
rotationally adjusted with high accuracy is judged to be 
defective . 

Although depending on the specification of product, 
basically, the accuracy of an angle with respect to the 
parallel lines of lower surface on which the ribboned 
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polarization-maintaining fiber is mounted on the fiber array 

should preferably be ±3° of the desired angle. 

[0031] 

For the ribboned polarization-maintaining fiber 1 
manufactured as described above, only a portion 
corresponding to the mold 25 should preferably be made the 
ribbon portion 2. However, the shape of the ribbon portion 
2 is sometimes nonuniform due to the in- flow of the adhesive 
36 in the V-groove portions 23 of the ribbon-making jig 20 
or other causes. 

In this case, a part of the ribbon portion 2 is cut when 
the polarization-maintaining optical fiber array is 
manufactured, the coating in the end portion is removed with 
a hot stripper as in the case of the ordinary optical fiber 
ribbon, and the end face of the polarization-maintaining 

fiber is cut with a fiber cutter, by which the ribboned 
polarization-maintaining fiber with a ribbon portion having 
had a nonuniform shape can be used without problem. 

[0032] 

At this time, the ribbon-making jig used in the present 
invention consists of, as shown in Figs . 3(a), 3 (b) and 3 (c) , 
and Figs. 4(a) and 4(b), the ribbon-making groove 24a for 
fixing and coating the aligned polarization-maintaining 
fibers 12 by and with the adhesive 3 6, the lower mold 22 in 
which the V-groove portions 23 for arranging the 
polarization-maintaining fibers 12 are provided at both ends 
of the ribbon-making groove 24a, a ribbon-making groove 24b 



disposed symmetrically with the ribbon-making groove 24a in 
the lower mold 22, and the upper mold 2 6 in which an adhesive 
in-flow port 28 for supplying the adhesive 3 6 into the 
ribbon-making groove 24 (mold 25) is formed in a central 
portion of the ribbon-making groove 24b. 
[0033] 

Fig. 5 shows another example of the ribboned 
polarization-maintaining fiber in accordance with the 
present invention. Fig. 5(a) is a left-hand side view, Fig. 
5(b) is a front view, Fig. 5(c) is detailed view 1 of Fig. 
5(a), and Fig. 5(d) is detailed view 2 of Fig. 5(a). 

As shown in Figs. 5(a) and 5(b), the ribboned 
polarization-maintaining fiber 1 in accordance with the 
present invention is disposed in almost the same plane, 
consists of the polarization-maintaining fibers 12 (UV 
coated polarization-maintaining fibers) in the plural number 

(eight in Figs. 5(a) and 5(b)) extending longitudinally so 
as to be adjacent to each other substantially in parallel, 
and partially has the ribbon portion 2 of 2 to 300 mm in length 

(T) . 

[0034] 

In the present invention, as shown in Figs. 5(a) and 
5 (b) , the ribbon portion 2 preferably has positioning means, 
and the positioning means is preferably formed by a series 
of convex and concave shapes 5. 

The a series of convex and concave shapes 5 have a regular 
pitch and are of a saw shape in this example, but they are 
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not subject to any special restriction. For example, the a 
series of convex and concave shapes 5 may be disposed 
discontinuously, or may be a curved wavy shape or the like 
shape . 

5 The reason for this is that in the case where a fiber 

array having a function as shown in Fig. 3 of JP-A-5-333225 
is used, the relative position of the ribbon fiber and the 
V-groove of fiber array can be set with higher accuracy, and 
a high-quality fiber array without bent fibers etc. can be 

10 obtained. 

Further, for example, as shown in Figs. 6(a) and 6(b), 
when a ribboned polarization-maintaining fiber lb is lapped 
on a ribboned polarization-maintaining fiber la, they are 
lapped on each other so that the positional relationship such 

15 that a series of convex and concave shapes 5b of the ribboned 
fiber lb engages with a series of convex and concave shapes 
5a of the ribboned fiber la is established, and a 
predetermined interval is provided by shifting the a series 
of convex and concave shapes 5b by one or several pitches, 

20 depending upon the necessity. Thereby, the right and left 
positioning of the upper and lower ribboned 
polarization-maintaining fibers lb and la can be performed 
easily. 
[0035] 

25 For example, when a half-pitch fiber array shown in Figs . 

9(a), 9(b) and 9(c) is manufactured, it is necessary to house 
the polarization-maintaining fibers 12 of upper and lower 
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ribbon fibers 33a and 33b in a V-groove portion 34 of a lower 
substrate 31 in a state in which the two flat ribbon fibers 
33a and 33b are lapped on each other (see Fig. 9(c)). In order 
to realize this configuration by using ribbon fibers in which 
polarization-maintaining fibers 12 with a diameter of 125 
urn are aligned with a 250 \m pitch, the positioning in the 
right-and-left direction of the two ribbon fibers 33a and 
33b is very important and troublesome work. 

However, by using the ribboned polarization- 
maintaining fibers shown in Figs. 5(a) and 5(b), the 
positioning in the right-and-left direction of the lapped 
ribbon fibers can be performed very easily and accurately, 
so that the merit is very great. 
[0036] 

For the ribboned polarization-maintaining fiber in 
accordance with the present invention, it is important that 
in the ribbon portion 2, as shown in Fig. 5(c), a plurality 
of the polarization-maintaining fibers 12 be fixed by and 
coated with the adhesive 36, and the end face of the 
polarization-maintaining fiber 12 which is used at least as 
a signal be aligned so as to have the predetermined plane 
of polarization. 

For the ribboned polarization-maintaining fiber in 
accordance with the present invention, the polarization- 
maintaining fibers 12 may be aligned so that the direction 
of the plane of polarization is "vertical, horizontal, 



23 



vertical, horizontal, or the like" according to the 
application, for example, as shown in Fig. 5(d). 

Furthermore, a half-pitch array whose each of the planes 
of polarization are repeatedly aligned in the vertical 
direction, and horizontal direction, alternately may be 
produced easily, like as the ordinary half-pitch array, by 
forming a half-pitch array in which either one of planes of 
polarization of the upper and lower ribbons is aligned 
horizontally, and the other is aligned vertically so as to 
align alternately the respective planes of the polarization 
of the upper and lower ribbons vertically and horizontally, 
as shown in Figs. 5 (c) and (d) instead of making the 
directions of the planes of polarization of the ribbon itself 
"vertically and horizontally, as shown in Fig. 1 (d) . That 
is,, one may eliminate the miss arrangement of the direction 
of the plane of the polarization when one produces ribbons 
having the planes of polarization polarized in the vertical 
direction and the horizontal direction alternately. This is 
because one may only produce ribbons whose plane of the 
polarization is either vertical, or horizontal in the 
above-mentioned case at the time of adjusting the plane 
direction of polarization (making ribbons according to the 
present invention) . 

Moreover, one may apply the principle of the above- 
mentioned method to produce a fiber array having a pitch of 
250 urn in addition to the case wherein a half-pitch array 
having a pitch of 127 urn. That is, one may firstly produce 



ribbons having a pitch of 500 urn, and lay ribbons up and down 
so as to make the upper and lower ribbons aligned alternately. 
Thereby, one may produce a fiber array having a pitch of 250 
[am in which the planes of the polarization are aligned 
5 vertically and horizontally, alternately. 

[0037] 

Also, as shown in Fig. 5 (b) , the length (T) of the ribbon 
portion 2 need not be longer than is necessary, and it is 

10 necessary only that a length contained in the fiber array 
be made into a ribbon form at the minimum. 

However, after the ribboned polarization-maintained 
fiber has been manufactured, if the fibers are not fixed 
sufficiently before the fiber array is manufactured, the 

15 adjusted angle of rotation is in danger of being shifted. 
Also, when the fixing of this portion is deteriorated after 
the fiber array has been manufactured, there is a danger that 
a torsional stress etc. caused when the ribboned 
polarization-maintaining fiber is manufactured is applied 

20 to the fiber array, thereby decreasing the reliability of 
the fiber array itself. Therefore, the length (T) of the 
ribbon portion 2 should preferably be at least 2 mm. 

Also, considering an excess length for fiber treatment 
such as removal and cutting of fiber coating at the time of 

25 manufacture of fiber array and rework in the assembly work, 
the length (T) should more preferably be 20 mm or longer. 
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When the ribboned polarization-maintaining fiber 1 in 
accordance with the present invention is manufactured, the 
end faces of the polarization-maintaining fibers are 
observed to make rotational adjustment such that the end face 
of the polarization-maintaining fiber has the predetermined 
plane of polarization. In this case, the length in which the 
direction of rotation can be adjusted exactly over the total 
length of the ribbon portion 2 is about 300 mm due to torsion 
of the polarization-maintaining fiber 10 caused by the 
contact of coatings 19 of the polarization-maintaining 
fibers 12 with each other. For this reason, the length (T) 
of the ribbon portion 2 should preferably be 300mm or shorter. 
[0038] 

The number of fibers in the ribboned polarization- 
maintaining fiber in accordance with the present invention 
is not subject to any special restriction. However, the 
ribboned polarization-maintaining fiber with five to sixteen 
fibers is easy to manufacture, and can be used suitably when 
the polarization-maintaining optical fiber array with 
multiple fibers is manufactured. 
[0039] 

Next, another example of the manufacturing method for 
a ribboned polarization-maintaining fiber in accordance with 
the present invention will be described with reference to 
Fig. 7 (a) to Fig. 7 (i) . 

First, coatings at the tip ends of the 
polarization-maintaining fibers 12 are removed, and the end 
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faces of the polarization-maintaining fibers (bare fibers) 
10 are cut with a fiber cutter so as to be observed with a 
CCD camera (not depicted) . 

After eight polarization-maintaining fibers 12 are 
5 aligned in a V-groove portion provided on a lower mold 

(V-grooved substrate) 70 of a ribbon-making jig, upper molds 
(pressing substrates) 72 of the ribbon-making jig are placed 
at both ends of the V-grooved substrate 7 0 so that the 
polarization-maintaining fiber 12 can be rotated almost 

10 coaxially in a V-groove 71. 

In this case, an inscribed circle of a triangle formed 
by the V-groove 71 and the pressing substrate 72 should 
preferably have a diameter slightly larger than that of the 
polarization-maintaining fiber 12. 

15 [0040] 

Next, the polarization-maintaining fibers 12 are set 
in a rotating jig 80 (Fig. 7 (a)), and the adhesive 36 is 
poured into the V-grooves from an adhesive supplier 83 in 
the V-grooved substrate 70 (Fig. 7 (b) ) . After the adhesive 

20 36 is made uniform with a spatula 74 (Fig. 7 (c) ) , rotational 
adjustment is made so that a predetermined direction of 
polarization is provided while the end face of the 
polarization-maintaining fiber 12 is observed with a CCD 
camera (not depicted) (Fig. 7 (e) ) . 

25 As shown in Fig. 7 (e) , observation illumination 81, 

which is provided at a predetermined distance from the 
observation plane of the CCD camera, is applied slantwise 
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in the direction of observation with the CCD camera from above 
the polarization-maintaining fiber 12, by which contrast 
between a stress-applied portion 16 of the polarization- 
maintaining fiber 12, in which light is scattered due to doped 
impurities, and a clad portion 18 can be made sharp. 
Therefore, the polarization-maintaining fiber can be 
rotationally adjusted more easily and accurately, as shown 
in Fig. 7 (d) which shows a schematic view of demonstrating 
a way on how to adjust the position of polarization- 
maintaining fiber 10 during adjustment step of the direction 
of polarization plane. 
[0041] 

After the above-described rotational adjustment has 
been made, the adhesive 36 is cured by UV irradiation using 
a UV lamp 82 to form the ribbon portion 2 (Fig. 7 (f)), and 
then the pressing substrates 72, the rotating jig 80, and 
the V-grooved substrate 70 are removed, by which the ribboned 
polarization-maintaining fiber 1 shown in Figs. 5(a), 5(b), 
5(c) and 5(d) can be obtained. 
[0042] 

Also, after the ribboned polarization-maintaining 
fiber with eight fibers is formed (Fig.' 7 (f)), eight 
polarization-maintaining fibers 12 are aligned in the 
adjacent V-groove portion of the V-grooved substrate 7 0, and 
the steps shown in Fig. 7 (a) to Fig. 7 (f) are carried out. 
Subsequently, the adhesive 3 6 is applied again to all of the 
sixteen fibers (Fig. 7 (g)), and is cured (Fig. 7 (h) ) , by 



28 



which a ribboned polarization-maintaining fiber with sixteen 

fibers can be obtained (Fig. 7 (i) ) . 

[0043] 

Finally, the end face of the obtained ribboned 
5 polarization-maintaining fiber 1 is checked again, and a 
ribboned polarization-maintaining fiber that has not been 
rotationally adjusted with high accuracy is judged to be 
defective. 

Although depending on the specification of product, 
10 basically, the accuracy of an angle with respect to the 
parallel lines of lower surface on which the ribboned 
polarization-maintaining fiber is mounted on the fiber array 
should preferably be ±3° of the desired angle. 
[0044] 

15 The material for the ribbon-making jig 20, the lower 

mold (V-grooved substrate) 70, or the upper mold (pressing 
substrate) 72 used in the present invention is preferably 
a glass that transmits UV. However, since this material has 
difficulty in fabricating the ribbon-making grooves 24a and 

20 24b, acrylic resin may be used. 

In the case where acrylic resin is used, it is preferable 
that the thickness of the ribbon-making jig 20, the lower 
mold (V-grooved substrate) 70, or the upper mold (pressing 
substrate) 72 be made as small as possible not to hinder the 

25 UV transmission. 
[0045] 
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Also, it is preferable that the inside surface of the 
ribbon-making jig 20, the lower mold (V-grooved substrate) 
70, or the upper mold (pressing substrate) 72 be formed of 
a material having a peeling effect, or the surface be coated 
5 with a peeling agent or subjected to coating to prevent the 
adhesion of adhesive. 
[0046] 

It is preferable that the adhesive 36 used in the present 
invention be capable of being cured in a short period of time, 

10 and have a viscosity of 10000 cP or lower. 

The reason for this is that if the curing of adhesive 
takes much time, fibers move from the state in which the 
rotational adjustment has been made, so that there is a danger 
that the adjusted fiber angle shifts. 

15 Therefore, the adhesive should preferably be cured 

within 10 minutes. The use of a UV adhesive is preferable 
because this adhesive can be cured in a period of time as 
short as 5 minutes or shorter, and moreover there is no adverse 
influence on the adjusted fiber angle caused by a change in 

20 viscosity of adhesive during heating, which may be caused 
when a thermosetting adhesive is used. 

Specifically, the adhesive used in the present 
invention should preferably be a UV adhesive, which is 
capable of being cured in a short period of time, because 

25 it is preferable that the polarization-maintaining fibers 
be fixed and coated rapidly after the polarization- 
maintaining fibers have been rotationally adjusted. In 
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particular, the use of urethane acrylate resin, which is an 

ordinary coating, is more preferable. 

[0047] 

The adhesive used in the present invention should 
5 preferably have a viscosity of 10000 cP or lower in order 
to prevent rotational interference of the polarization- 
maintaining fibers with each other by causing the adhesive 
to serve as a lubricant between the polarization-maintaining 
fibers when the polarization-maintaining fiber is 
10 rotationally adjusted. 

As an adhesive that meets the above-described 
conditions, for example, urethane acrylate resin having a 
viscosity of 3000 cP can be cited. 
[0048] 

15 Examples next, the present invention will be described 

in more detail with reference to an example. The present 
invention is not limited by the example. ■ 
(Example) 

Eight polarization-maintained fibers (PANDA fibers) 
20 with a fiber diameter of 125 um and a coating diameter of 
250 um were prepared, and a coating at the tip end of each 
fiber was removed. Subsequently, the end face of 
polarization-maintained fiber was cut with a fiber cutter 
so as to be observed with a camera (not depicted) , and then 
25 the polarization-maintained fibers 12 were aligned in the 
V-groove portions 23 with a 250 um pitch of the lower mold 
22 (ribbon-making jig 20) shown in Fig. 2(a). 
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At this time, urethane acrylate resin (adhesive 36) of 
3000 cP was applied to portions in which the 
polarization-maintaining fibers 12 came into contact with 
each other (polarization-maintaining fibers 12 aligned in 
5 the ribbon-making groove 24a) . 

Thereafter, the polarization-maintaining fibers 12 
were aligned one by one so that the end face thereof had the 
predetermined plane of polarization while the end face 
thereof was observed with a camera (not depicted) . 
10 [0049] 

Further, as shown in Fig. 2(b) , the upper mold 26 was 
combined with the lower mold 22, urethane acrylate resin 
(adhesive 36) of 3000 cP was poured into the obtained mold 
25, and the curing thereof was performed on one side with 

15 UV (150 mW x 1 min) . 

At this time, the adhesive 36 only on the UV irradiation 
side was cured. Therefore, after the adhesive 36 on one side 
had been cured, the ribbon-making jig 20 was turned over, 
and the adhesive 36 on the other side was cured with UV (150 

.20 mW x 1 min) . 

Subsequently, as shown in Fig. 2 (c) , the lower mold 22 
and the upper mold 2 6 were removed, by which the ribboned 
polarization-maintaining fiber 1 was obtained. The length 
of the ribbon portion was 100 mm. 

25 [0050] 

Next, two ribboned polarization-maintaining fibers 
manufactured by the above-described method were used to 
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manufacture a sixteen-f iber polarization-maintained optical 
fiber array with a 250 Mm pitch by the same method as that 
for a fiber array using the ordinary optical fiber ribbon 
(see Figs. 9(a), 9(b) and 9(c)). 

After the end face of the polarization-maintaining 
optical fiber array was polished, the polarization crosstalk 
characteristics were evaluated. As the result, it was found 
that all of the sixteen fibers had good characteristics of 
-2 0 dB or lower on all channels. 
[0051] 

As described above, according to the present invention, 
when a polarization-maintaining optical fiber array is 
manufactured, the polarization-maintaining fiber need not 
be rotationally adjusted so as to have a predetermined plane 
of polarization, so that not only a polarization-maintained 
optical fiber array with multiple fibers can be manufactured 
easily but also the work efficiency and yield can be improved. 



